SYNOPSIS Alteration in the temperature of the Isoton diluent in a Coulter model S counter over a range of possible laboratory working temperatures produced a change in the mean corpuscular volume using EDTA and dipotassium acid citrate dextrose blood and a commercial control, 4C. Contamination of the Isoton diluent with hypochlorite solution, used to clean the Coulter model S, may increase the mean corpuscular volume of EDTA blood without altering other measured parameters. Attention to both these points is required in assessing quality and calibrating the machine.
The Coulter counter model S (Coulter S) measures the mean corpuscular volume (MCV) in a direct fashion by comparing the mean voltage of pulses generated by cells passing through an aperture with the mean voltages generated in the same way by cells from a reference blood preparation. The variance of these measurements is very small compared with manual methods. Pinkerton, Spence, Ogilvie, Ronald, Marchant, and Ray (1970) , Hattersley, Gerard, Caggiano, and Nash (1971) , and Komarmy, and Barnes (1972) noted that the MCV may be spuriously high in the presence of high-titre cold agglutinins. This effect was avoided using a diluent warmed to 30°C. In the course of their report, the latter authors noted that recalibration of the Coulter S was required when using warmed diluent. The change of calibration occurring with varying diluent temperature has been investigated.
The weekly use of bleaching cleansing agents such The experiments were carried out in the second half of the working day when the machine was apparently functioning satisfactorily in routine use, and when results were being obtained using the 4C control material which were within 1 femtolitre of the assigned value of the mean corpuscular volume (MCV) and within 0 5 picogrammes of the assigned value of the mean cell haemoglobin (MCH) at the ambient temperature. All the measurements were made by one experienced worker.
Blood samples were taken into plastic containers. with a diluted suspension of cells used for a national quality assessment scheme. In this experiment ACD blood and the 4C preparation were included for companison. Isoton heated to 37°C for one hour and cooled to 0°C for one hour and then returned to room temperature had no effect on the result of the MCV, indicating that no significant permanent change in the composition of the diluent had taken place when the temperature had been altered.
Varying the temperature between 20 and 30°C had no effect on the precision of the MCV and MCH measurements.
EFFECT OF BLEACH
Dilutions of Chloros solution freshly received from the suppliers were prepared ranging from 0 5 ml of Chloros made up to 100 ml of water to 10 ml of Chloros made up to 100 ml of water. These dilutions are referred to as 0.5% Chloros and 10% Chloros respectively. The concentrations of intermediate dilutions were derived in the same way.
Of an EDTA blood sample, 44*7 ,ul was diluted in 10 ml of Isoton diluent and then 0-1 ml of each Chloros dilution added. These suspensions were measured without delay using the capillary aspirator of the Coulter S and were compared with a similar blood dilution containing no bleach. Table II shows that when blood diluted in 10 ml of Isoton diluent encountered small quantities of Chloros there was no change in the measured haemoglobin concentrate, red cell count, or white cell count compared with blood dilutions containing no bleach. Increasing amounts of Chloros solution produced significant changes in the MCV before there was noticeable change in the other parameters and before there was a significant change in the pH.
The MCV of blood dilutions made in a range of isosmotic phosphate buffer solutions (Dacie and Lewis, 1970) was unchanged over the range of pH 7*3 to 7-9 and was similar to the MCV found after dilution of the same blood in Isoton pH 7-4.
Discsson
The volume of red cells depends on the osmolarity of the diluent and the pH (Parpart, Lorenz, Parpart, Gregg, and Chase, 1947; Collier, 1968; Helleman, 1972a) . The volume of the red cell in phosphate buffer mixtures is at a minimum at a pH of about 8 and if the pH falls below 7 the red cells swell significantly and immediately.
Isoton has been recommended as a diluent by Helleman (1972b) in reporting on a trial of erythrocyte counting organized by the International Committee for Standardization in Haematology. Isoton is a modified Eagle's solution and consists of 142 mmol of sodium chloride,* 5*5 mmol of potassium chloride, calcium chloride, disodium hydrogen phosphate, 154 mmol of sodium azide and glucose, together with water to make a volume of 1 litre, followed by sufficient 3 mol/l hydrochloric acid to adjust the pH to 7-4 (Helleman, 1972b) . Brecher, Jakobek, Schneiderman, Williams, and Schmidt (1962) showed that Eagle's solution yielded values for the MCV using a Coulter counter model B which were similar to measurements made of red cells in AB plasma.
The possible causes of the fall in MCV measurements with the rise in diluent temperature include changes in the aperture, the flow pattern, and detector system, changes in the diluent, or changes in the red cells.
It seems unlikely that there is a physical change in the aperture, the flow pattern, or the detector system with such small variations in temperature.
A rise in the conductivity of the diluent can be expected with a rise in the temperature coefficient of Eagle's solution. Assuming that the conductivity of red cells is very low, the differential change in The influence ofextraneous factors on Coulter S measurement of the mean corpuscular volume conductivity between a given red cell and electrolyte induced by a rise of temperature would increase. This would produce the effect of an increase in mean corpuscular volume.
Contamination of the diluent in an aperture bath may alter the mean corpuscular volume. An example of this involving bleach was found during this investigation and is described. Bleach may significantly alter the MCV without significantly altering the pH of the diluent leading to high results for the MCV alone. This may be the source of errors in calibration, and this cause for minor changes in the MCV alone should be considered before recalibrating for this parameter. However, contamination does not explain the reproducible phenomenon of alteration in the measured MCV with diluent temperature.
It is possible that heating or cooling of the Isoton produces a chemical change in the diluent but prolonged heating and cooling of samples of Isoton did not alter the suitability of these samples to measure the mean corpuscular volume. The effect of temperature therefore is not due to permanent chemical alteration of the composition of Isoton by heating or cooling.
Red cells do not appear to change in size with mixing or oxygenation but may change in size with temperature. This is a likely but unproven possibility. The MCV measurements using the Coulter S fell when the diluent was warmed. This occurred using fresh blood in EDTA or ACD solution or using a commercial control preparation of human red cells, 4C. This phenomenon is of significance in assessing performance throughout the day using a working reference preparation or in duplicate and check testing of samples using the Coulter S. The change with temperature change is particularly important when calibrating the machine and has been largely ignored. The manufacturers of the control preparation, 4C, state on the sheet accompanying the material that the product should not be frozen and that it maintains the assay values after refrigeration, but no indication is given of the temperature at which the MCV value assigned may be obtained using the Coulter S. The material used in the Department of Health and Social Security and British Committee for Standardization in Haematology quality assessment scheme is taken into an ACD solution. Such suspensions are susceptible to change of MCV with the temperature of the diluent in the Coulter S.
In accordance with the suggestion of Hattersley et al (1971) it is concluded that temperature control of the Coulter model S is required not only to avoid cold agglutination but to define and maintain the calibration of the mean corpuscular volume. It is suggested that attention be given to defining a single suitable temperature for use with all Coulter model S counters and the introduction of a modification to ensure the maintenance of this temperature within 2'C. 
